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<£) Copper paste composition. 

© A copper paste composition for low temperature firing on a ceramic substrate Is comprised of inorganic 
components and organic vechicle components. The inorganic components mainly consist of copper powder, 
cuprous oxide powder, cuprlc oxide powder and glass powder. The mixing ratio of the inorganic components of 
this composition is 100 parts by weight of copper powder, about 10 to 15 parts by weight of cuprous oxide 
powder, about 12 to 17 parts by weight of cupric oxide powder, and about 7 to 12 parts by weight of glass 
powder. The mixing ratio of the inorganic components with the organic vehicle components is about 95 to 70 
parts by weight of the inorganic components and about 5 to 30 parts by weight of the organic vehicle 
components. Also the the average particle size of the copper powder is in a range of about 0.5 to 3 urn and the 
oxygen content of the copper powder Is about 0.05 to 0.15 weight percent. 
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COPPER PASTE COMPOSITION 



The present invention relates to copper paste compositions, in particular, copper paste compositions 
that are suited to low temperature firing at 550° C to 750* C 

Copper pastes can be fired onto ceramic or other refractory substrates to form a "thick film" conductor. 
Copper pastes for low temperature firing are disclosed in Japanese Patent Provisional Publication No. SHO- 
s 62-110202 and U.S. Patent No. 4,521,329 relating to a conductor element. The conductor element 
described iri the above-mentioned Japanese publication and U.S. Patent is made by kneading a composi- 
tion including an organic medium containing an organic resin and firing the composition onto a ceramic 
substrate to pyrolyze the organic resin, leaving a conductive copper film. The composition is composed of 
metallic copper in the form of metallic copper coated with a copper oxide coating; copper oxide particles; 

70 and an inorgainc binder, as follows: (a) 0.2 weight percent or more of oxygen in the form of a copper oxide 
coating, (b) copper oxide. particles in an amount of 15 weight percent or less of the metallic copper, (c) an 
inorganic binder including copper oxide particles' (d), the Weight" ratio of the copper oxide particles (d) to the 
copper oxide coating. being 0 to 0.5 and the' ratio of the total sum of copper oxide, as particles and coating; 
to the weight of oxide coated copper metal being 0 to 15 parts by weight of copper oxide to 100 parts by 

>s weight of oxide coated copper metal. The Japanese publication describes the oxygen in the metallic copper 
oxide coating and the oxygen in the copper oxide particles as sources for supplying oxygen for pyrolysis or 
combustion of the resin in the organic medium of the paste composition. 

It is generally well known that copper oxide is used as an additivB in copper pastes. For high 
temperature firing applications (950" C to about 1000* C) there Is no need to distinguish cuprous oxide and 

20 cuprlc oxide since both equally form chemical bonds with ceramic substrates. Therefore, the mixing ratio of 
the cuprous oxide and cupric oxide does not matter as practiced In the prior art. However, for low 
temperature firing, as described below, it has been found that the effect of cuprous oxide on the 
solderability, initial joint strength, and strength after aging differs from that of cupric oxide. 

It shoufd be noted that oxygen In copper powder is present in the form of cuprous oxide rather than 

25 cupric oxide, and that this cuprous oxide does not directly contribute to combustion of the organic medium 
as an oxidizing agent, and lowers the degree of sintering when present in excess. Hence prior an copper 
pastes using copper powder with an oxygen content of 0.2 % or more by weight do not produce sufficient 
sintering after low temperature firing. As a result, the product has low resistance to soldering and, in 
particular, lis strength aKer aging is significantly deteriorated. 

30 The present invention has been made in view of such problems of the prior art. It Is Intended to provide 
copper paste compositions having, after low temperature firing, a high degree of sintering, good sol- 
derablllty, high Initial joint strength, and high joint strength after aging. 

The present invention, to accomplish the aforementioned objectives, is a copper paste composition 
composed of inorganic components and organic vehicle components- The inorganic components mainly ' 

55 consist of copper powder, cuprous oxide powder, cupric oxide powder and glass powder. The mixing ratio 
of the inorganic components of this composition is, for example, for each 100 parts by weight of copper 
powder, about 10 to 15 parts by weight of cuprous oxide powder,* about 12 to 17 parts by weight of cupric 
oxide powder, and about 7 -to 12 parts by weight of glass powdor. The mixing ratio of the inorganic 
components with the organic vehicle components Is about 95 to 70 parts by weight of the inorganic 

40 components and about 5 to 30 parts by weight of the organic vehicle components. 

The present invention further includes a copper paste composition as described above where the 
average particle size of the copper powder is about 0.5 to about 3 urn and that the oxygen content of the 
copper powder is about 0.05 to about 0.15 weight percent. 

The figure is an explanatory cross-sectional side view illustrating the method used for measuring joint 

45 strength. 

Copper powder having a sufficient oxygen content, as described below, may be obtained, for example, 
by reducing cuprous oxide with hydrazine and then reducing with hydrogen. 

Due to reasons discussed below the average particle size of the cuprous oxide powder is desirably 
within a range from about 0.5 to urn about 5 urn, and in particular, the range from about 0.5 urn to about 2 
60 urn is specially desired. 

There is no special need to limit the average particle size of the cupric oxide powder. The range, 
however, is desirably from about 0.5 urn to about 5 jxm. 

The softening point of the glass powder is preferably in a range from about 300 *C to about 600* C due 
to reasons discussed below. The softening poing is more preferably in a range from about 300 *C to about 
550 C. There is no particular reason to limit the average particle size of the glass powder. The particle size 
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range, however, is desirably between about 1 Urn and about 10 um. 

The organic vehicle may be any commonly used organic vehicle. The organic vehicle typically is 
comprised of a solvent and a resin. For reasons discussed below, desirably there will be about 10 parts oor 
less by weight of the resin for every 100 parts by weight of the organic vehicle. Suitable resins include ethyl 

5 cellulose, acrylic resins, methacrylic resins, terpen© resins and mixtures thereof. Suitable solvents Include 
terplneol, C10 to da alcohols and mixtures thereof. Additionally, the organic vehicle optionally can include a 
suitable plasllcizer such as dibutyl phthalate. 

Additives to the above-mentioned components can include about 5 parts or less by weight of inorganic 
oxides, particularly metal oxides such as vanadium oxide, lead oxide, antimony oxide and mixtures thereof 

10 per 100 parts by weight of the copper powder. Furthermore, surfactants such as a dispersant for 
maintaining stability of the paste and a thickener optionally may be added. 

The paste is typically prepared by mixing the required amounts of the components in any mixing 
device designed for pastes, such as in a universal mixer, until they form a paste, and then continuing 
homoginlzation of the composition, such as in a three roller mill. 

75 One method for making a thick-film circuit from the^ prepared' paste is to print the past© in an 
appropriate pattern on a refractory substrate (made"bf alSfnina' in 'rnany^ Cases) by means of a screen 
printing machine, dry the printed substrate, and then fire the* prinfecl substrate* in a belt furnace filled with M z 
or other Inert gas lor a cycle of about 40 minutes to about 60 minutes. The peak temperature is from about 
550" C to about 750' C, and preferably from about 580" C to about 650 * C. and the time for keeping the 

20 printed substrate at the peak temperature is from about 5 rnlnutes to about 10 minutes. 

In low temperature firing of a copper paste, proper attention should be given to raising the degree of 
sintering, and to allowing easier evaporation of the organic vehicle. To achieve these objectives, the oxygen 
content in the copper powder should be kept within the appropriate range. If the oxygen content in the 
copper powder exceeds about 0.15 weight percent sintering will become deficient, and in turn, solder 

55 wettability will be degraded, and the strength after aging will be deteriorated significantly. On the other 
hand, it is difficult and not practical to produce copper powder having an oxygen content less than about 
0.05 weight percent 

The average particle size of the copper powder having the above-mentioned oxygen content should be 
within a range from about 0.5 um to about 3 um. If the size exceeds about 3 urn, sintering will be deficient, 

30 and If the size is less than about 0.5 um, it will be difficult to make the powder Into a paste, and evaporation 
of the organic vehicle will be deficient. 

Cuprous oxide has a strong affinity with copper. Hence, cuprous oxide functions as a sintering agent, 
and after sintering, remains In the sintered particle boundary and prevents penetration of solder, and partly 
reacts with the substrate to form chemical bonds and improve the joint strength. To secure these effects, it 

35 is necessary to add about 10 parts or more by weight of cuprous oxide powder to each 100 parts by weight 
of copper powder. However, if more than about 15 parts by weight of cuprous oxtde powder are added, the 
solder wettability will be deteriorated, and the strength after aging will be degraded. 

If the average particle size of the cuprous oxide powder Is too coarse, the above-mentioned functions 
and effects will not be achieved. It, therefore, is desirable to set the average particle size of the cuprous 

40 oxide powder at or less than about 5 ji.m, and perferably, at or less than about 2 um. 

Cupric oxide provides oxygen to the organic vehicle in the firing process, and therefore will be reduced. 
In this way, cupric oxide assists the combustion of the organic Vehicle. To this ,: end."'the addition of about 12 
parts or more by weight of cupric oxide powder to each 100 parts by weight of copper powder achieves 
efficient pyrolysis of the organic vehicle during the firing process. If about 17 parts or more by weight of 

45 cupric oxide powder is added, sintering of the copper particle will be hindered. 

The glass powder or other powdered refractory material serves to wet the surface of the substrate and 
to facilitate the sintering of the copper powder through liquid-phase sintering. Therefore, it is desirable to 
add about 7 to about 12 parts by weight of glass powder, or other refractory powder, to each 100 parts by 
weight of copper powder. To attain an appropriate wettability, it i3 desirable to select glass powder having a 

so softening point of about 600° C or less, preferably having a softening point of about 550* C or iess. 

The amount of the organic vehicle components relative to all the inorganic components depends on the 
particular vehicle used. To^ assure complete evaporation of the organic vehicle, the amount of the organic 
vehicle components should be from about 5 to about 30 parts by weight organic vehicle components to 
about 95 to about 70 parts by weight of other inorganic components. To achieve the full advantage of the 

ss present invention in improving the wettability* and in assuring complete evaporation of the organic vehicle, 
the amount of the resin is desirably about 10 parts or less by weight to 100 parts by weight of the organic 
vehicle. 

The present invention will be explained with reference to preferred embodiments according to the 
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present invention. It should be noted that the present Invention is in no way limited by these embodiments. 



Example 

To form conductor pads, the pastes having the compositions as shown in Table 1 were printed in an 
appropriate pattern on 96 % alumina ceramic substrates by means of a screen printing machine, end then 
dried at 120 ' C for 10 minutes, The printed substrates then wore fired In a nitrogen environment under the 
10 following conditions: peak firing temperature - 600 *C; peak temperature time -10 minutes; heating-cooling 
cycle time - 60 minutes; and O2 concentration in the firing *one - 5 ppm. The conductor pads obtained 
under these conditions were measured for solder wettability, Initial joint strength, and joint strength after 
aging. The results of the measurements are -shown in Table 3. Table 2 describee the characteristics of the 
materials listed in Table 1. 

75 

A, Solder Wettability 

A sample to which a soldering flux (Tamura Kaken XA-100) had been applied was immersed In a solder 
20 bath at 230 °C ± 5°C For 5 + 0.5 seconds, and then was taken* out of the bath, The average solder wet 
area of ten conductor pads (each pad measuring 2 mm x 2 mm) was measured. A sample having a wet 
area ratio of 90% or more was judged to pass the test, and a sample having a ratio of less than 90% was 
judged to fail the test. 

25 

B. Initial Joint Strength 

A sample to which the above-mentioned soldering flux had been applied was immersed in a solder bath 
at 230* C : 5°C for 5 ± 0.5*C seconds. Then 0.65 mm diameter tinned copper wires were attached to 
30 eight 2 mm x 2 mm conductor pads by means of a soldering iron, as shown in the drawing. In the drawing, 
1 represents a substrate. 2 a conductor pad, 3 copper wire, and 4 solder. 

The soldered copper wire 3 then was pulled by a tension tester in a direction perpendicular to the 
substrate 1 (in the direction of the arrow) at a velocity of 10 mm/sec to measure the strength needed to 
separate the conductor pad 2 from the substrate 1. A sample was Judged to pass the test when the average 
35 of the eight pad measurements was 3 kg or more and the minimum pad measurement was 2.5 kg or more. 



C. Joint Strength After Aging 

40 In the same manner as the Initial joint strength measurements, copper wires, were attached to the 
conductor pads formed on the substrates and then tb£ said* substrates wer§ r subjected to a temperature of 
150"C for 250 hours and then tlie 'Strength Qt- each "frMpt was rrteE&ure'd in the 9ame' manner as described 
for Initial joint strength. A sample was judged to pass the test when the average of the eight pad 
measurements was 2.5 kg or more and the mihimum pad measurement was 2.0 kg or more. 

4S 
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TABLE 1 



Parts By Weight 


Sample 


Copper 


Cuprous 


Cupric oxide 


Glass 




Sb 2 0 3 


Organic 


Inorganic 








fJWVVQC? 1 






puwuyr 




oornpgenenis/organic 


















vehicle 


1 


A 100 


10.0 


12.0 


D7-5 




- 


G 15.0 


89.6/10.4 


2 


A 100 


12,0 


12.0 


DB.O 




- 


G 24.0 


84.6/15.4 


.3 


A 100 


15.0 


15.0 


E 10.0 






G 25.0 


84.6/15.2 


4 


B 100 


12.5 




n mn 

U 1 u*v 




n ^ 


\Jt oo.u 


/ y. /ftLKj.o 


5 


Q 100 


12.5 


15.0 


£ 10.0 




0,3 


G 52.0 


72.6/27.4 


6 


B 100 


11.0 


17,0 


e ii,o 




0.5 


4 H 15.0 


90.3/ 9.7 


7 


C 100 


15.0 


12.0 


F 12.0 






'''H35.0. 


79.9/20.1 


6 


C 100 


10-0 


17.0 


F 10.5 




0.5 


H 15.0 


90.2/ 9.8 


9 


C 100 


12.0 


15.0 


F7.0 






H 34.0 


79.8/20.2 


10 


C 100 


15.0 


17,0 


D7.0 






H25.0 


64.6/15.2 


C1 


A 100 


60 


15.0 


D7,5 






G23.0 


65.0/15.0 


C2 


A 100 


■ 12.0 


, 10.0 


D.10,0 






G33.0 . 


60.0/20-0 


C3 • 


A 100 


15.0 




D10.0 






G 52.0 


70.6/29.4 


C4 


A 100 




17.0 


E10.0 






H 32.0 


79.9/20.1 


C5 


B 100 


16.0 


12.0 


E10.0 






H 35.0 


79.6/20.2 
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TABLE 2 



Copper 
Powder A 
Copper 
Powder B 
Copper 
Powder C 


Mean partlde size 1 urn, oxygen content 0.10 weight % (Dowa Kogyo) 

Mean particle size 2 mm, oxygen) content 0.08 weight % (Dowa Kogyo) 

Mean particle size 0.8 urn, oxygen content 0.14 weight % (Dowa 
Kogyo) 


Cuprous 

oxide 

powder 

Cupric 

oxide 

powder . • 


Dowa Kogyo CS-100, mean particle size 1 urn 
Nishhin Kagauk CB-250, mean particle size urn 


Glass 
powder D 
Glass 
powder E 
Glass 
powder F 


Nippon Denkt Garasu--SA-5i; softening 1 •#©fn£435* j © 
Nippon Denkl Garasu GA-8, softening point 490* C 
Nippon Denki Garasu LS-803, softening point 353* C 


Organic 
vehicle G 
Organic 
vehicle H 


5 parts by weight of ethylcellulose (Hercules N-100) dissolved In 95 
parts by weight of terpineol 

10 parts by weight of ethylcellulose (Hercules N-45) dissolved in B0 
parts by weight of terpineol and 10 parts by weight of dibutyl phthalate 
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TABLE 3 



6 


Sample 


Solder wettability 
(%) 


Initial joint strength (kg/4 mm 2 ) 


Strength after aging (Kg/4 mm 2 ) 






Area 


Judgement 


Average 


Minimum 


Judgement 


Average 


Minimum 


Judgement 


70 

75 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


99 
98 
99 
99 
98 
95 
96 
98 
99 
99 


Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass , 


4.0 
4,2 
4.0 
3.8 
42 
4.3 
3.8 
3.5 
3-8 
4.0 


3.0 
3.2 
2.8 
30 
3.1 
3.5 
27 
2.8 
2.8 
'2,7 


Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 


3.0 
3,2 
2.8 
2.8 
3.2 
2.6 
3.0 
2.8 
2,8 
3.0 


2.0 
2.1 
2.3 
2.0 
2.1 
2.0 
2,5 
2.3 
2.1 
2.2 


Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 


20 


C1 

C2 
C3 
C4 
CS 


99 
85 
80 
90 
85 


Pass 

Failure 

Failure 

Pass 

Failure 


2.8 
2.5 
2.0 
2.2 
3.2 


2.0 
2.0 
1.5 
15 
2,5 


Failure 
Failure 
Failure 
Failure 
Pass 


2.1 
1.6 
14 
1.8 
2.0 


0.5 
0.2 
0.1 
0.3 
1,0 


Failure 
Failure 
Failure 
Failure 
Failure 



Table 3 clearly indicates the following points: 

1) Embodiments 1 through 10 Included copper powder having a mean partticle size and an oxygen 
content within the ranges according to the present invention, and appropriate amounts of cuprous oxide 
powder, cupric oxide powder and glass powder were mixed, and the ratio of the Inorganic components 
and the organic vehicle components was appropriate, Accordingly, the evaporation of the organic vehicle 
was complete, and sintering of the copper powder was sufficient. As a result, the solder wettability was 
satisfactory, and the Initial Joint strength and the strength after aging were high, and ail of the values of 

• such characteristics were at or above the pass level. 

2) In the case of Control 1 (C1), the mixing ratio of cuprous oxide is less than the lower limit according to 
the present invention. Accordingly, the initial joint strength and the strength after aging were low, and 
failed to attain the respective pass levels. 

3) In the case of Control 2 (C2), the mixing ratio of cupric oxide was less than the lower limit according 
to the present invention, and the evaporation of the organic vehicle was deficient, and the sample failed 
to pass the solder wettability test. As a result both the initial joint strength and the strength after aging 
were low and failed to attain the respective pass levels. 

4) In the case of Control 3 (C3), no cupric oxide powder was mixed. Hence the organic vehicle did not 
evaporate, and the solder wettability was extremely low and failed to pass the test. As a result, the .initial 
joint strength and the strength after aging were considerably low ano failed to pass the tests. 

5) m the case of Control 4 (C4) , no cuprous oxide vvas mixed. As a result, both the initial joint strength 
and the strength after aging were extremely low and failed to pass the tests. 

6) In the case of Control 5 (C5), the mixing ratio of cuprous oxide was greater than the upper limit 
according to the present invention. As a result, the solder wettability failed to pass the test, and the 
strength after aging was also low and failed to pass the test 

The copper paste compositions according to the present invention are applicable, In addition to thick 
film circuits, as electrode materials for ceramic parts, such as various capacitors. 

It has therefore been shown that very useful copper paste compositions in practical applications, having 
satisfactory solder wettability and high initial joint strength and joint strength after aging, can be provided by 
using copper powder having an oxygen content and a moan particle size within the respective ranges 
according to the present invention and by controlling the mixing ratios of cuprous oxide powder to cupric 
oxide powder: glass powder to said copper powder; and the ratio of the organic vehicle components to the 
inorganic components within the respective ranges according to the present invention. 



Claims 
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1. A copper paste composition comprising about 95 to about 70 percent by weight of inorganic components 
and about 5 to about 30 percent by weight of organic vehicle components, said Inorganic components 
comprising a powdered refractory material, and copper powder including cuprous oxide powder and cupric 

s oxide powder in amounts such that about 10 to about T5 parts by weight of cuprous oxide powder, about 12 
to about 17 parts by weight of cupric oxide powder, and about 7 to about 12 parts by weight of refractory 
powder, are Included for each 100 parts by weight of copper powder. 

2. The copper paste composition of Claim 1 wherein said copper powder has a mean particle size of about 
0.5 to about 3 urn and an oxygen content between about 0.05 and about 0,15 percent by weight 

io 3. The copper paste composition of Claim 2 wherein said cuprous oxide powder has a particle size range 
from about 0.5 to about 5 urn. 

4. The copper paste composition of Claim 3 wherein said cuprous oxide powder has a particle size range 
from about 0,5 to about 2 um. 

5. The copper paste composition of Claim 2 wherein said organic vehicle components, include a solvent and 
?s a resin. " 

6. The copper paste composition of Claim 5 wherein isald ^plvetfj.is selected frpcn the group consisting of 
terptneol, Cio to Ci H alcohols, and mixtures thereof. ' \ ; ' . Vt 

7. The copper paste composition of Claim 5 wherein said resin is selected from the group consisting of 
cellulosic resins, acrylic resins, methacrylic resins, terpens resins and mixtures thereof. 

20 8. The copper paste composition of Claim 5 wherein said organic vehicle components include about 10 
percent or less by weight of resin. 

9. The copper paste composition of Claim 2 further comprising about 5 parts or less by weight of an 
inorganic oxide per 100 parts by weight of said copper powder. 

10. The copper paste composition of Claim 9 wherein said inorganic oxide is selected from the group 
25 consisting of vanadium oxide, lead oxide T antimony oxide and mixtures thereof. 

11. The copper paste composition of Claim 5 wherein said organic vehicle components further include a 
plastlcizer. 

12. The copper paste composition of Claim 11 wherein said piasticizer is dtbutyl phthalate. 

13. The copper paste composition of claim 1 wherein said powdered refractory material is glass. 

30 14. The copper paste composition of Claim 13 wherein safd glass powder has a softening point of between 
about 300* C and about 600* C. 

15. A copper paste composition for low temperature firing comprised of copper powder with an oxygen 
content between about 0,05 to 0,15 weight percent, cuprous oxide powder, cupric oxide powder, and 
organic vehicle components. 

35 16- In a copper paste composition for low temperture firing wherein copper powder is blended into a paste 
including a binder, a solvent and a powdered refractory material, the paste is applied to a substrate and 
fired at a temperature sufficient to remove the solvent and the binder from the copper powder and the 
powdered refractory material and to adhere the copper powder, bound In the refractory material adhered to 
the substrate, the Improvment comprising the copper powder including about 10 to about 15 parts by 

40 weight of cuprous oxide powder and aboyt 12 to about 17 parts by weight of cupric oxide powder for each 
1 00 parts by weight of copper powder.' 



45 



60 



55 



7 



2004$ 4^8B t#SS mf ' IT/M/l' No, 0792 P. 35/43 



EP 0 425 073 




Figure 



) 



No. 0792 P. 36/43 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 30 7467 



DOCUMENTS CONSIDERED TO BE RELEVANT 



category 



Citation of document wltn Indication, whefO aoproprlato, 
o/ relevant passages 



Rd lev am 
to claim 



CLASSIFICATION OF THE 
APPLICATION <I«H. CI.6) 



X,D 



Y 



EP-A-0 1 31 778 (E.L DU PONT DE NEMOURS AND CO., 
US) 

" Claims 1-12; page 5. lines 12-3S; page 9, lines 21-34; page 
10, lines 6-13; page 10, line 33 - page 1 1 , lino 30; page 12, 
lines 21-33; page 15, lines 12-28; examples 1-6,11-13. line 
14* 



US-A-3 516 949 (LC, HOFFMAN) 

* Column 2, lines 12-30; column 2, line 60 - column 3, line 
10* 

EP-A-0 257 193 (THE FURUKAWA ELECTRIC CO., JP) 
" Claims 1-10; page 2, lines 44-47; page 3, lines 1-16,45-53; 
page 4, example 1 * 

EPnVO 125 730 (CENTRALAB INC., US) 

■ Claims 1-30; page 3, lines 19-34; page 5, line 27 - page 6, 

line 9 * 

US-A-4 172 919 (J.D. MITCHELL) 

* Claims 1-13; column 2, lines 33-52; column 4, lines 3-28 * 

WORLD PATENT INDEX, Derwent Publications Ltd, London, 
GB; 

& JP^62 263 694 (MATSUSHITA ELEC, JP) 16-11-1987 



ins present search report fias Dean drawn up for all claims 



1-8,11-16 



9.10 
9.10 



1-10, 

13-16 



1.2.5-8, 
13,15,16 



1,2,5-8, 
13.15,16 

I- 8. 

II- 13,15, 
16 



H 

01 B 1/18 
C 04 0 35/00 



TECHNICAL FIELDS 
SEARCHED (int. CL5) 



H 01 B 

C 22 C 
B 22 F 
H01 M 
C 04 B 



Place of soarcn 

The Hague 



D&tB of completion or search 



29 January 91 



Examiner 

RIGONDAUD BP.A. 



CATEGORY OP CITED DOCUMENTS 
X : particularly relevant it taken alone 
Y : particularly relevant II combined with another 

document or the ;?mo potogory 
A technological bacHnround 
Q: non*writlen disclosure 
P: Intermediate document 
T : theory or principle underlying the Invention 



B : earlier paleM document, but published on, or ader 

Ihe filing dele 
D: doOUmenl cited In the application 
L : document oiled fgrOtfeec reasons 

& ; member of 1ho same patent family, corresponding 
document 



